Hydrosilylation of secondary and tertiary amides to amines is described using catalytic amounts of B(C 6 F 5 ) 3 . The organic catalyst enables the reduction of amides with cost-efficient, non-toxic and air stable PMHS and TMDS hydrosilanes. The methodology was successfully extended to the more 10 challenging reduction of primary amides.
challenging reduction of primary amides.
The late 1990's witnessed the birth of a novel field in homogeneous catalysis, when compelling successes were obtained in enantioselective synthesis using small organic molecules as asymmetric catalysts. 1 Organocatalysis has since 15 witnessed a growth spurt, resulting from a better rationalization of the catalyst families and motivated by the advantages provided by metal-free catalysts. 2 Indeed, organocatalysts usually combine a low cost and a low toxicity, with an enhanced stability to moisture and air, which can circumvent classical drawbacks of 20 many metallic catalysts. So far, organocatalysts have been applied efficiently in condensation and cycloaddition reactions, phase-transfer catalysis and oxidation chemistry, while their use in reduction chemistry has been only scarcely explored. 3 In fact, the finding that molecular hydrogen could be activated using 25 organic Frustrated Lewis Pairs (FLPs) enabled the metal-free catalytic hydrogenation of imines and alkenes. 4 In parallel, organic Lewis acids and bases were shown to promote the hydrosilylation and hydroboration of a variety of carbonyl substrates, including CO 2 . 5 These recent results are an 30 encouragement and future efforts in the field should focus on challenging metal catalysts for the reduction of reluctant substrates, under mild reaction conditions. In this context, the hydrosilylation of amides is an attractive alternative to classical methods utilizing reactive aluminium and boron hydrides for the 35 synthesis of amines, as it usually proceeds with enhanced chemoselectivity. 6 Nonetheless, strong resonance effects between the vacant π* C=O orbital and the vicinal nitrogen lone pair in amides lower significantly the electrophilicity of the C=O group and the efficient catalytic hydrosilylation of amides remains an 40 issue in synthetic organic chemistry. 7 Tertiary and/or secondary amines can be obtained by hydrosilylation of amides and catalysts based on earth abundant metals (Fe, Zn, Cu and Co) have been developed over the last years for this transformation. The ability of B(C 6 F 5 ) 3 to catalyze the hydrosilylation of amides was first tested in the reduction of N-benzylbenzamide (1a However, boronic acids display a low activity in the reduction of secondary (and primary) amides and 1a was reduced to 2a in 67 % yield, in the presence of 20 mol% boronic acid catalyst and 2.4 equiv. PhSiH 3 , after 24 h at 130 °C. The B(C 6 F 5 ) 3 (cat.)/TMDS system therefore appears as a convenient reducing medium, which combines the advantages of 30 an organocatalyst with low cost (<4 €/kg), low toxicity and the stability of the TMDS hydrosilane. The scope of reactive secondary amides was thus explored with this system ( Table 2) . Reduction of N-phenylbenzamide (1b) is quantitative, after 18 h at 100 °C, and amine 2b was obtained in 94 % isolated after 35 hydrolysis of the reaction mixture (see ESI and entry 2 in Table 2 ). Replacing the phenyl ring on the carbonyl group with a methyl group does not impact the reactivity of the amide and 2c was isolated in 92 % yield, under the same conditions (Table 2,  entry 3 ). Yet, introduction of an aliphatic group on the nitrogen 40 atom significantly hampers the conversion yields and 1d, 1e and 1f are converted to their corresponding amines in lower yields (<40 %) ( Table 2, The B(C 6 F 5 ) 3 (cat.)/TMDS system is also competitive or superior to known metal catalysts in the hydrosilylation of secondary 65 amides. Among the few catalysts able to promote the hydrosilylation of secondary amides with PMHS or TMDS, Zn(OTf) 2 displays a low reactivity and it reacts at 100 °C, 8a with high loadings (20 mol%), while Cu(OTf) 2 complexes are reactive at 65 °C. 8f 70 Tertiary amides are classically more reactive than secondary amides in hydrosilylation reactions. Indeed, reduction of N,Ndimethylbenzamide (3a) to 4a is quantitative after 18 h at 100 °C with 1 mol% B(C 6 F 5 ) 3 and 1.3 equiv. PhSiH 3 . Using TMDS and PMHS as reductants and catalyst loadings of 2 mol% and 5 75 mol%, respectively, 4a is also formed in quantitative yield. As expected, a wide range of tertiary amides was successfully reduced using the B(C 6 F 5 ) 3 (cat.)/PMHS system and both aliphatic and aromatic amides 3a-3j were converted in good to excellent yields (>72 %, Table 3 and ESI). Amide 3k exhibits a somewhat lower reactivity, presumably because of the presence of three aliphatic groups on the nitrogen and carbonyl groups and 4k is formed in 42 % yield. Similarly, 3l and 3m afford amines 4l 5 and 4m in 60 and 49 % yield, respectively. It is noteworthy that the methodology is compatible with the presence of nitro groups and 4n is obtained in 82 % yield when 3n is reduced in the presence of PhSiH 3 (14 % yield when PMHS is utilized as reductant). In contrast, the cyano group in 3o hampers the 10 catalytic activity of B(C 6 F 5 ) 3 , presumably because of the strong coordination of the CN function to the Lewis acid catalyst. B(C 6 F 5 ) 3 (cat.)/PMHS is also able to reduce enones and esters and the reduction of the amide functionality in 5 and 7 is also accompanied with the reduction of the C=C and -CO 2 Me groups 15 (Eqs. 4-6). It is well recognized that primary amides are singular substrates in catalytic hydrosilylation. 8g, 13 Indeed, they display a low reactivity and can be converted to secondary amines by coupling, 25 after subsequent hydrolysis. In fact, reduction of benzamide 9a with 10 mol% B(C 6 F 5 ) 3 and 2 equiv. TMDS affords the secondary amine 2a in 65 % yield, after 18 h at 100 °C (Eqs. H bond in 9a was undertaken, using TMSCl, prior to the hydrosilylation step. Using this simple procedure, primary amines 11a and 11b were obtained in excellent 91 and 83 % yield from primary amides 9a and 9b, respectively (Eq. 8).
In conclusion, B(C 6 F 5 ) 3 is an efficient organocatalyst for the 40 hydrosilylation of tertiary, secondary and primary amides, with cost-efficient, non-toxic and air stable PMHS and TMDS hydrosilanes. The methodology enables the formation of tertiary, secondary and primary amines, from the corresponding amides. The organic catalyst enables the reduction of amides with cost-efficient, non-toxic and air stable PMHS and TMDS hydrosilanes. The methodology was successfully extended to the more challenging reduction of primary amides.
